MARK-UP SPECIFICATION 



DESCRIPTION 

NOVEL INTERACTION BETWEEN PROTEINS, AND THERAPEUTIC AGENT FOR 
DISUSE MUSCULAR ATROPHY OR METHOD FOR SCREENING THERAPEUTIC 

AGENTS FOR ASSOCIATED WITH DISUSE MUSCULAR ATROPHY TAKING 
ADVANTAGE OF NOVEL USING INTERACTION BETWEEN SELECTED PROTEINS 

AND A POLYUBIQUITIN CHAIN 

Technical Field 

[0001] The present invention relates to a novel 
interaction between proteins, and further relates to a 
therapeutic agent for disuse muscular atrophy, and a method 
f or sere en I ng t h e t he rape at| c ag en t f or di sua e mu lii ia r at roph v> 
a marker for diagnosing the disease and a method for evaluating 
the risk of onset, based on the novel interaction between the 
proteins . 
Background Art 

[0002] Analysis of DNA base sequences in the human genome 
(entire gene information) has been nearly completed and future 
research tasks have shifted to elucidating functions of the 
genes encoded by DNA. Much of gene information encoded by the 
DNA relates to proteins, and the research to elucidate the 
functions of the genes by demonstrating structures, functions 
and roles of the proteins have been perf ormed: iiitarioiialresearoh 
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institutions . 

[0003] Many proteins are expressed based on the genetic 
information in vivo, and vital activity is maintained by 
interaction of those proteins. For example, in a citric acid 
cycle which is a typical metabolic pathway in cells, pyruvic 
acid is decomposed by interactions of a plurality of enzymes 
(proteins) to supply energy for producing ATP. 

[0004] Many of the diseases caused in vivo are believed 
to occur by producing abnormalities in the interaction between 
the proteins in the cells. For example, in the case of genetic 
diseases, the normal protein is not expressed, and thus, the 
necessary interaction between the proteins is absent or the 
abnormality occurs in the interaction between the proteins to 
cause a metabolic abnormality, and they result in generating 
the disease. 

[0005] Therefore, concerning various proteins expressed 
in vivo, it is important to elucidate a reaction pathway in 
the cells or to reveal the function and the role of the protein 
in order to reveal the interaction between the proteins. By 
revealing the interaction between the proteins, it is possible 
to provide the information effective for elucidating onset 
mechanisms of various diseases or developing the therapeutic 
agent . 
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[0006] Here, four proteins , i.e., proteasome, ubiquitin, 
ZNF216 and AWP1 which are associated with the present invention 
will be described. 

[0007] Proteasome is a macromolecular protease 
(proteolytic enzyme) localized in nuclei and cytoplasm and a 
protein with a molecular weight of 700, 000 to 800, 000 composed 
of 28 subunits. "26S Proteasome" obtained by binding PA70 
(activation factor) to both ends of proteasome has the function 
to decompose the protein depending on ATP, and plays a main 
role in a ubiquitin/proteasome proteolytic system. 26S 
Proteasome selectively decomposes the protein 

polyubiquitinated (modified with a polyubiquitin chain) 
(Non-patent Document 1) . 

[0008] Proteasome is also involved in the occurrence 
mechanism of the disuse muscular atrophy (Non-patent Documents 
2 and 3 ) . The disuse maaculaa: at rophy refers to reduced muscular 
si&e and lowered muscular force when a bedridden state continues 
and the state of not using muscles persists. It is thought 
that muscular size is reduced to cause the disease when the 
state of not using muscles persists because the proteins such 
as myosin which compose muscles are decomposed in the 
ubiquitin/proteasome proteolytic system. 

[0009] Ubiquitin is a protein composed of 76 amino acids 
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which is universally present in eukaryotic cells, and has the 
role to label the protein to be decomposed (target protein) 
in the ubiquitin/proteasome proteolytic system. In the 
ubiquitin/proteasome proteolytic system, the polyubiquitin 
chain plays the role to label the target protein. The 
polyubiquitin chain is formed by binding a large number of 
ubiquitin in a branched shape, and is bound to a particular 
site of the target protein. When the polyubiquitin chain is 
bound to tha target protein , 26B pro tea some recognises the target 
protein and decomposes the target protein (see Non-patent 
document 1) . 

[0010] ZNF216 is a protein whose gene was identified as 
a zinc finger protein by D. A. Scot et al . in 1998 (Non-patent 
Document 4) . AWP1 is a novel protein isolated by W. Duan et 
al. in 2000 (Non-patent Document 5) . Specific functions and 
roles in vivo in both proteins are still unknown. 
Non-patent Document 1: u Jikken Igaku" Vol . 21, No. 3, pp 330-332, 
February, 2 0 03, Yodosha. 

Non-patent Document 2 : Gomes et al w Atrogin--l, a . is qle -Specific 
F-box protein highly expressed during muscle atrophy", Proc . 
Natl. Acad. Sci . USA, 2000, 
Vol. 98, No. 25, pp 1444 0-14445 

Non-patent Document 3 : Bodine et a X > x Identification of. ubiquitin 
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ligases required for skeletal muscle atrophy", Science, 2001, 
Vol. 294, pp 1704-1708 

Non-patent Document 4: D.A. Ccott et al "Identification and 
mutation analysis of a cochlear-expressed, zinc finger protein 
gene at the DFNB7/11 and dn hearing- loss -loci on human chromosome 
9q and mouse chromosome 19" , AN INTERNATIONAL JOURNAL ON GENES 
AND GENOMES, Elsevier Science B.V., 1998, p 461-469 
Non-patent Document 5: W. Duan et al "Cloning and 
characterization of AWP1, a novel protein that associates with 
serine /threonine kinase PRK1 in vivo" , AN INTERNATIONAL JOURNAL 
ON GENES, GENOMES AND EVOLUTION, Elsevier Science B.V. , 2 000, 
p 113-121 

Disclosure of the Invention 

Problems to be Solved by the Invention 

SUMMARY OF THE INVENTION 
[0011] It remains unknown what protein many of the proteins 
expressed in vivo interact with or what function and role many 
of the proteins expressed in vivo have. Thus, the present 
invention provides a novel interaction between the proteins 
by ^h&ustivfeXy analysing the interac tioris be tween the proteins . 
The present invention also provides a therapeutic agent for 
a particular disease by finding the interaction between the 
protein with an unknown function and the protein known to be 
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involved in the occurrence of the particular disease. 
Furthermore, the present invention provides a method for 
screening for the above particular disease, a marker for 
diagnosis and a method for evaluating the risk of onset, based 
on this novel interaction , and in particular a method for 
screening therapeutic agents for treating disuse muscular 
atrophy . 

Means for Solving the Problems 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0012] At this time, it has been newly found by the 
exhaustive analysis of the interaction between the proteins 
that proteasome which plays the main role in the proteolytic 
system interacts with ZNF216 (protein composed of SEQ ID No. 
1) or AWP1 (protein composed of SEQ ID No. 2) whose functions 
in vivo are unknown. That is, ZNF216 or AWP1 has the nature 
to interact with proteasome, and proteasome has the nature to 
interact with ZNF216 or AWP1 . 

[0013] As described above, it has been known that the 
proteasome is involved in the occurrence mechanism of the disuse 
II ocular atrophy. When i l|i ba in individual becomes bedridden , 
etc. , in order to respond to the change in a life environment 
of the individual, it appears that various intracellular 
responses aro caused in the respective cella of the Individual . 
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The intracellular responses are continuously transmitted by 
the interaction between the proteins, and finally , a proteolytic 
response in the protein which composes muscle occurs by the 
interaction with proteasome . Therefore, when the certain 
individual becomes bedridden, if a binding property of one 
interaction between the proteins is changed among many 
interactions between the proteins caused by the intracellular 
responses, it is possible to prevent muscular atrophy 
(decomposition, of protein which composes muscle by proteasome) . 

[0014] Thus, the present invention provides a therapeutic 
agent for the disuse muscular atrophy, which inhibits the 
expression of ZNF216 or AWP1 having the nature to interact with 
proteasome. Since signal transduction by the interaction 
between ZNF216 or AWP1 and the proteasome is inhibited by 
inhibiting the expression of ZNF216 or AWP1, the decomposition 
of the protein which composes muscle by the proteasome is 
inhibited. Therefore, muscle is not reduced, and it is possible 
to prevent or treat the disuse muscular atrophy. 

[0015] As a means for inhibiting the expression of ZNF216 
or AWP1 , RNA interference can be applied . The RNA interference 
refers to a phenomenon that double strand RNA decomposes mRNA 
specific for its sequence and consequently the expression of 
a corresponding gene is inhibited, and can also be practically 
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applied to mammals by the use of short RNA (siRNA, short 
interfering RNA) . 

[0016] The double strand RNA according to the present 
invention has the sequence corresponding to a part (18 to 24 
bases) of a DNA sequence (SEQ ID No . 3) encoding ZNF216 or a 
DNA sequence (SEQ ID No. 4) encoding AWP1 . It is believed that 
this double strand RNA can inhibit the expression of ZNF216 
or AWP1 to some extent even when it corresponds to any part 
of the target sequence (SEQ ID No. 3 or SEQ ID No. 4) as long 
as it is short (18 to 24 bases) . However, it is more suitable 
that the double strand RNA does not contain a TTTT or Jt&llA sequence 
and the sequence predicted that a secondary structure of the 
RNA is opened is selected because the expression can be 
effectively inhibited. 

[0017] kdtfi tion&lly, in order not to cause the interaction 
between ZNF216 or AWP1 and the proteasome, a therapeutic agent 
for the disuse muscular atrophy, which inhibits or suppresses 
the function of ZNF216 or AWP1 itself may be used . By inhibiting 
or suppressing the interaction itself between ZNF216 or AWP1 
and the proteasome, it is also possible to prevent or treat 
the muscular atrophy. 

[0018] At this time, it has also been found that the 
polyubiquitin chain which plays the role to label in the 
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proteolytic system interacts with ZNF216 or AWP1 whose function 
in vivo is unknown. That is, ZNF216 or AWP1 has the nature 
to interact with the polyubiquitin chain, and the polyubiquitin 
chain has the nature to interact with ZNF216 or AWP1 . 

[0019] In the case of the disuse muscular atrophy, it 
is thought t ha t the ot^aaorne decomposes t h e m\saole - compos ing 
protein to which the polyubiquitin chain is bound. The signal 
transduction in the polyubiquitin chain occurs by the 
interaction with ZNF216 or AWP1, and the polyubiquitin chain 
is bound to the muscle -compos ing protein. Thus, when the 
interaction between the polyubiquitin chain and ZNF216 or AWP1 
is inhibited, the signal transduction is inhibited and the 
binding to the muscle -compos ing protein is inhibited. It is 
&I so thought that wher* the interact: 1 on between the po I yubi qui t in 
chain and ZNF216 or AWP1 is inhibited, the signal transduction 
is also inhibited and the interaction between the polyubiquitin 
chain and the proteasome is inhibited. Also in this case, the 
decomposition of the muscle -compos ing protein by proteasome 
is inhibited. 

[0020] Thus, as with the above, the present invention 
provides a therapeutic agent for the disuse muscular atrophy, 

which inhibits the expression, of ShF2X€ or JM*Pi having the nature 
to interact with the polyubiquitin chain. In order not to 
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produce the signal transduction by the interaction between 
ZNF216 or AWP1 and the polyubiquitin chain, a therapeutic agent 
which directly inhibits or suppresses the function of ZNF216 
or AWP1 itself may be used. By inhibiting or suppressing the 
interaction itself between ZNF216 or AWP1 and the polyubiquitin 
chain, it is also possible to prevent or treat the muscular 
atrophy . 

[0021] Subsequently, in the present invention, in order 
to pr od u ce the t he r a peat icag ant f o r t he oil suse xn us cu 1 a r at rophy, 
the interaction between the proteasome and ZNF216 or AWP1 can 
be directly or indirectly used. 

[0022] For example, in a process of steps for producing 
the therapeutic agent for the disuse muscular atrophy, it is 
possible to select an objective substance using a screening 
method utilizing the above interaction and utilize this 
substance for producing the therapeutic agent for the disuse 
muscular atrophy. Alternatively, when it is examined in 
quality whether the substance, which becomes a candidate of 
the therapeutic agent, correctly has an activity or not, the 
above interaction can be utilized. Additionally, this 
interact ion can be II ill sect as t he mar fer £ o r aisea^^ d iagnosi s 
of the disuse muscular atrophy, and can be practically applied 
to the means for evaluating the risk of onset. 
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[0023] Thus, the present invention provides a method for 

screening the the rapeutic agent for the disuse rnuseoXar at: rophy. 
Which ut.il i&es the interact ion between f: he pro tea some and 6 
or AWP1 . By the method for screening according to the present 
invention, it is possible to perform the screening of compounds 
capable of changing (inhibiting or augmenting) the binding 
property of the Interaction between, the proteins to be subjected > 
Such a compound can become the candidate of the therapeutic 
agent or the preventive agent for disease (illness) with which 
the interaction between the proteins to be subjected is 
associated. 

[0024] Such a screening includes a technique in which 
the candidate compound is added at appropriate concentrations 
to a reaction condition for detecting the above interaction 
andanef f ect on the interaction is examined. In this technique, 
screening- ie possible as the same teehn iqoa as the convent ion&l 
enzyme -linked immunosorbent assay (ELISA) . The proteasome, 
ZNF216 or AWP1 is immobilized onto a 96 well plate, a molecule 
subjected to the screening is added thereto, further ZNF216 
or AWP1 (proteasome in the case of immobilizing ZNF216 or AWP1) , 
a labeled antibody and a substrate are sequentially reacted, 
and the change in binding between the proteasome and ZNF216 
or AWP1 is examined in the presence of the substance subjected 
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to the screening . The strong color development in the substrate 
corresponds to the strong binding. 

[0025] The screening of drugs is also possible by direct 
observation of one molecule using NMR spectroscopy, X-ray 
crystal analysis or electron microscopy, etc. Efficient 
screening is also possible using surface plasmon resonance 
sensor (SPR) . Either proteasome or ZNF216 is immobilized on 
a sensor chip of SPR, and the solution of ZNF216 or AWP1 
{proteasome in t he case of irarnofoiXi sing or ) to which 

the molecule subjected to the screening has been added is sent 
to the sensor chip . The binding of both in observed in re&I-tixne 
as a binding curve by the surface plasmon resonance . When the 
binding of both is strengthened, the binding curve becomes large 
whereas when it is weakened, the curve is attenuated or 
disappears . 

[0026] The present invention also provides the marker 
for prevention or diagnosis of the disuse muscular atrophy, 
composed of ZNF216 or AWP1 or the gene encoding the protein. 

[0027] Based on quite new findings obtained by results 
of an extensive study by the present inventors that ZNF216 or 
AWP1 interacts with the proteasome which is obviously involved 
in the disuse muscular atrophy, it has been found that ZNF216 
or AWP1 or the gene encoding this protein is involved in the 
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onset of the disuse muscular atrophy. From this, it can assist 
the cli a gno&i s of the disuse rnu sco iarat rophy that; the expression 
of ZNF216 or AWP1 or the mutation (single nucleotide 
polymorphism) of the gene encoding this protein are examined. 
That is, the gene encoding ZNF216 or AWP1 becomes the marker 
for diagnosis of the disuse muscular atrophy. 

[0028] Furthermore, the present invention provides a 
method for evaluating the risk of onset of the disuse muscular 
atrophy, which uses ZNF216 or AWP1 or the gene encoding this 
protein. 

[0029] The risk of onset of the disuse muscular atrophy 
when an individual would become bedridden in the future can 
be evaluated by examining the expression of ZNF216 or AWP1 found 
to be involved in the disuse muscular atrophy via proteasome 
and exami ning the mutat ion or the single nucleotide polymorphism 
in the gene encoding this protein. 

[0030] Subsequently, as with the case of utilizing the 
afc>ovo- do scribed interact ion between the proteasome and ZNF216 
orAWPl, in the present invention, for producing the therapeutic 
agent for the disuse muscular atrophy, it is also possible to 
directly or indirectly use the interaction between the 
polyubiquitin chain and ZNF216 or AWP1 . 

[0031] For example, in a process of steps for producing 
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the therapeutic agent for the disuse muscular atrophy, it is 
possible to select an objective substance using a screening 
method utilizing the above interaction and utilizing this 
substance for producing the therapeutic agent for the disuse 
muscular atrophy. Alternatively, when it is examined in 
quality whether the substance, which becomes the candidate of 
the therapeutic agent correctly, has the activity or not, the 
above interaction can be utilized. Additionally , this 
iateractiori can foe utilized, as the marker for dl 

of the disuse muscular atrophy, and can be practically applied 
to the means for evaluating the risk of onset. 

[0032] Thus, the present invention also provides a method 
for screening the therapeutic agent for the disuse muscular 
atrophy, which utilizes the interaction between the 
polyubiquitin chain and ZNF216 or AWP1 . As with the case of 
utilizing the above-described interaction between the 
proteasome and ZNF216 or AWP1, by the method for screening 
according to the present invention, it is possible to perform 
the screening of compounds capable of changing (inhibiting or 
augmenting) the binding property of the interaction between 
the proteins to be subjected. Such a compound can become the 
candidate of the therapeutic agent or the preventive agent for 
a disease (illness) with which the interaction between the 
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proteins to be subjected is associated. 

[0033] The present invention also provides the marker 
for prevention or diagnosis of the disuse muscular atrophy, 
composed of ZNF216 or AWP1 or the gene encoding the protein. 

[0034] That is, based on quite new findings obtained by 
results of an extensive study by the present inventors that 
ZNF216 or AWP1 interacts with the polyubiquitin chain which 
is obviously involved in the disuse muscular atrophy, it has 
been found that ZNF216 or AWP1 or the gene encoding this protein 
is involved in the onset of the disuse muscular atrophy. From 
this, as with the case of utilizing the above-described 
interaction between the proteasome and ZNF216 or AWP1, it can 
assist the diagnosis of the disuse muscular atrophy that the 
expression of ZNF216 or AWP1 or the mutation (single nucleotide 
polymorphism) of the gene encoding this protein are examined. 
That is, the gene encoding ZNF216 or AWP1 becomes the marker 
for diagnosis of the disuse muscular atrophy. 

[0035] Furthermore, the present invention provides a 
method for evaluating the risk of onset of the disuse muscular 
atrophy, which uses ZNF216 or AWP1 or the gene encoding this 
protein, as with the case of utilizing the above-described 
interaction between the proteasome and ZNF216 or AWP1 . 

[0036] The risk of onset of the disuse muscular atrophy 
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when an individual would become bedridden in the future can 
be evaluated by examining the expression of ZNF216 or AWP1 found 
to be involved in the disuse muscular atrophy via the proteasome 
and examining the mutation or the single nucleotide polymorphism 
in the gene encoding this protein. 

[0037] ZNF216 and AWP1 in the present invention are not 
limited narrowly to the proteins themselves having the amino 
acid sequences represented by SEQ ID No . land No. 2, and include 
the proteins which interact with the proteasome or the 
polyubiquitin chain and have the amino acid sequence having 
one or more amino acid deletions, substitutions, additions or 
insertions in the above amino acid sequence . The base sequences 
of cDNA encoding ZNF216 and AWP1 in the present invention are 
shown in SEQ ID No . 3 and No. 4. For these base sequences, 
the present invention includes the base sequences having one 
or more base deletions, substitutions, additions or insertions 
in the above base sequence as long as the above interaction 
is not lost , and is not limited narrowly to the encoding proteins 
themselves . 

[0038] As in the above, it has been revealed that the 
proteasome known as the protein involved in the disuse muscular 
atrophy interacts with ZNF216 (or AWP1) . Consequently, the 
present invention has a technical significance that this 
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interaction as well as ZNF216 (or AWP1) or the gene encoding 
the protein serve for drug discovery technology, diagnostic 
technology, examination technology, evaluation technology of 
the risk of onset of the disuse muscular atrophy, etc. Also 
it has been revealed that the polyubiquitin chain involved in 
the proteolytic ays tern of prot^aaeme interacts with ZNF216 (or 
AWPl) . As a result, the present invention has the technical 
significance that this interaction as well as ZNF216 (or AWPl) 
or the gene encoding the protein particularly serve for drug 
discovery technology, diagnostic technology, examination 
technology, evaluation technology of the risk of onset of the 
disuse muscular atrophy, etc. 
Effects of the Invention 

[0039] According to the present invention, it has been 
revealed that the proteasome interacts with ZNF216 (or AWPl) . 
Also , it has been revealed that the polyubiquitin chain interacts 
with ZNF216 (or AWPl) . By utilizing these newly found findings 
for the interaction between the proteins, it is possible to 
provide the therapeutic agent for the disuse muscular atrophy. 
The novel interaction revealed in the present invention is 
particularly useful for drug discovery , diagnosis, examination, 
evaluation of the onset risk for the disuse muscular atrophy, 
etc . 
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Example 1 

[0040] The present inventors efficiently searched a 
"partner protein" which recognizes ZNF216 (protein having the 
amino acid sequence represented by SSQ ID So • 1 } and AW PI ( protein 
having the amino acid sequence represented by SEQ ID No. 2) 
and interacts therewith by the following method. 

[0041] For ZNF216 (and AWP1) , cDNA encoding this protein 
was prepared by RT-PCR method. And the cDNA encoding ZNF216 
(or AWP1) was incorporated in pcDNA- FLAG (plasmid) using 
restriction enzymes to produce an expression vector. The 
present inventors have obtained pcDNA- FLAG by uniquely 
modifying based on pcDNA3 (plasmid, Invitrogen Corporation. ) 
so that a FLAG recognition sequence is sequenced following a 
methionine residue for translation initiartian at an M terminal 
side when ZNF216 (or AWP1) is expressed. When the cDNA encoding 
{ orMPl } is incorporated inpcD^rMS , the cDNA encodin g 
ZNF216 (or AWPl) , in which the sequ^nc^ encoding tt % ^ raethionin<* 
for the translation initiation is deleted by cleaving the 
methionine for the translation initiation of ZNF216 (or AWPl) 
with restriction enzymes, was introduced into pcDNA- FLAG 
(plasmid) . The "FLAG recognition sequence" refers to the amino 
acid sequence "DYKDDDDK" , and works as a tag (label) for the 
FLAG recognition sequence to recognize the objective protein 
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by previously incorporating this amino acid sequence into a 
terminal sequence of the objective protein (ZNF216 or AWP1 in 
this experiment) . 

[0042] S u b sequent I y , c u I ture d cell a were t ran s f e c t ed wit h 
the expression vector (recombinant pcDNA- FLAG) in which the 
ZNF216 gene (or AWP1 gene) is incorporated and the FLAG 
recognition sequence is attached ( transf ection) . HEK293T 
cells were used as the cultured cells to be transfected, and 
PalyFect supplied xromQiaqen was ua&d a a a transf eotloTi reagent . 
The gene was transfected by the procedures according to the 
protocol of the same product . 

[0043] A recombinant protein fused with the tag is 
expressed in the transfected cultured cells. The expressed 
partial recombinant ZNF216 (or AWP1) interacts with an unknown 
partner protein present in the cells to form a complex. The 
complex of ZNF216 (or AWP1) with the unknown partner protein 
was extracted from the cells by publicly known 
"immunoprecipitation method" using an antibody against the tag 
attached to ZNF216 (or AWP1) . 

[0044] An extraction method is as follows. The cells 
transfected with the gene were solubilized using a 
solubilization buffer (20 mM HEPES , pH 7.5, 150 mM NaCl, 50 
mM NaF, 1 mM Na 3 VQ 4 , 1 mM PMSF, 1% Triton X100) . After adding 
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this solubilization buffer, the cells were scraped to collect 
in a centrifuging tube, which was then subjected to 
ultracentrif ugation (55,000 rpm, 4°C, 20 minutes). 

[0045] Agarose beads to which a FLAG peptide antibody 
immobilized (purchased from Sigma) were added to a cell extract 
solution (supernatant) after the centrif ugation, and stirred 
at 4°C for 3 hours. The beads after stirring were collected 
by the centrif ugation (1, 000 rpm, 4°C, one minute) , washed with 
the solubilization buffer, and ZNF216 (or AWP1) bound to the 
I a ads wa i el u ted by a ddi no t. he b u ft e § e on t a in I n g t he .IMS pe pt ide 
to collect the protein complex in which the objective partner 
protein had been bound to ZNF216 (or AWP1) . 

[0046] After collecting the protein complex, the partner 
protein of the interaction was identified by the publicly known 
method referred to as a "mass tag method" using a publicly known 
tandem mass spectrometer (MS/MS) ("Analytical Methods of 
Proteome" edited by Toshiaki Isobe and Nobuhiro Takahashi, pp 
129-142, Yodosha) . A specific procedure is as follows. 

[0047] First, a collected sample was centrifuged and 
concentrated, and then dissolved in a buffer for an enzymatic 
reaction (100 mM Tris, pH 8 . 8 ) . Subsequently, the sample was 
digested with "trypsin" or "lysyl endopeptidase " which was an 
enzyme to recognize and cleave a particular amino acid. Lysyl 
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endopep : ticia : ae was used in-fchis :eHpe^im4n% Ly syi endopep t i da s e 
was added so that an enzyme substrate ratio (weight ratio) was 
1/100 to 1/50, and reacted at 3 7°C for 12 hours to yield a digested 
product. And the digested product was measured by the tandem 
mass spectrometer to obtain a mass value and internal amino 
acid sequence information of each digested peptide. 

[0048] Using the iasa values of peptide f ragments digested 
with the enzyme, a candidate amino acid sequence was selected 
by automatic search from the database, and a mass value set 
when the sequence was fragmented at each amino acid was 
calculated . 

[0049] As the above database, "SwissProt" (Internet 
address : 

ftp . ebi . ac . uk/pub/databases/sp_tr_nrdb/f asta/sprot .fas . Z) 

which 1 s the p r at s i n da t a b a a a a I r a a dy p u fol i s h sd and " & C 8 1 Kef Seq 1 » 
( Internet address : 

ftp . ncbi . nih . gov/ref seq/H_sapiens/mRNA__Prot/hs . f aa . gz ) 
which is the nucleic acid database were used. 

[0050] The partner proteins of ZNF216 and AWP1 were 
identified by comparing this calculated value with a fragment 
ion actually measured (MS/MS spectrum) , and consequently, it 
was found that both partner proteins corresponded to a protein 
group which composes the "proteasome" . This has demonstrated 
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that ZNF216 or AWP1 interacts with proteasome . The 

*• pol yufei qu 1 1 in ch& 1 n' ' was also 1 dent if led as t ha part ne r protein 
of ZNF216 and AWP1 . This has also demonstrated that ZNF216 
or AWP1 interacts with the polyubiquitin chain. 
Example 2 

[0051] In Example 2, the experiment was performed to 
identify that the polyubiquitin chain interacts with ZNF216 
or AWP1 using GST ( glutathione - S - trans f erase ) . 

[0052] A fusion protein of ZNF216 and GST was produced 
in Escherichia coli by gene engineering technology. And the 
fusion protein was purified using a glutathione column 
(glutathione sepharosa beads) < Since GST .1 s specif ically bound 
to glutathione in the column, only ZNF216 fused with GST is 
trapped in the column. The trapped fusion protein was collected 
using an elution buffer. 

[0053] Subsequently, the collected fusion protein of 
&r$F2X6 and. GST was a&ixed with the polyubiquiclri chain.,- the ad seed 
solution was purified again using the glutathione column, and 
collected using the elution buffer. 

[0 054] In a collected solution, the polyubiquitin chain 
along with 1 6 fused with GST was co liected . Thi a indicat; ea 
that £& ! F216 and the polyubiquitin chain have a binding affinity 
and interact with each other. 
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[0055] A fusion protein of AWP1 and GST was also produced 
by the same way as in the above, and the experiment to identify 
the interaction was performed likewise. As a result, it has 
been shown that the AWP1 and the polyubiquitin chain have the 
binding affinity and interact with each other as in the case 
with ZNF216. 
Example 3 

[0056] Example 3 is the experiment which shows that ZNF216 
is associated with muscular atrophy. 

[0057] Muscular atrophy model mice produced by removing 
the sciatic nerve in mice and starvation- induced muscular 
atrophy model mice in which muscular atrophy had been caused 
by starving mice were prepared. And, the mRNA amount of the 
gene encoding ZNF216 and the expression amount of the ZNF216 
protein in skeletal muscle tissue in these mice with muscular 
atrophy were measured. As a result, the mRNA amount of the 
gene encoding ZNF216 and the expression amount of the ZNF216 
protein were remarkably increased in the mice with muscular 
atrophy. This indicates that ZNF216 is involved in the 
mechanism in which muscular atrophy is caused. 
Example 4 

[0058] In Example 4, by practically applying the RNA 
interference, the experiment in which the expression of AWP1 
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(protein having the amino acid sequence represented by SEQ ID 
No. 2) was inhibited using double strand RNA having the base 
sequence represented by SEQ ID No . 5 was performed. 

[0059] In this experiment, (1) the sequence represented 
by SEQ ID No. 5 was designed to synthesize DNA, (2) the DNA 
corresponding to SEQ ID No . 5 was incorporated into a plasmid 
vector using restriction enzymes and a ligation reaction, (3) 
a viral vector (retrovirus) was made from the plasmid vector 
by transf ection, (4) target cells (cultured murine cells) were 
infected with the recombinant virus, and (5) the effect of RNA 
i nt e rference va s de t e rsaine d { s e e "RM^i >J i k ken Protocol" e d ite d 
by Kazunari Taira et al . , pp 116-128, Yodosha) . The specific 
procedure is as follows. 

[0060] The sequence of SEQ ID No. 5 is designed as follows . 
The Fir " GGATCC M sequence i 3 c leaved by the teat r let ion enzyme 
(BamHl in this design) when introduced into the plasmid vector . 
The subsequent "ATGGCATGTGTTCAGTATG" sequence (19 bases) is 
a sense chain and the sequence corresponding to a part of the 
base sequence encoding AWP1 . The subsequent "TTCAAGAGA" 
sequence is a linker sequence and is designed in order to curve 
in a hairpin shape to form a stem- loop structure when the sense 
ch&i n and an an ti sense chain described later forma double strand . 
The subsequent " CATACTGAACACATGCCAT " sequence (19 bases) is 
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the antisense chain and is complementary to the above sense 
chain. The subsequent 11 TTTTT" sequence is a terminator 
sequence (transcription termination part of mRNA) . 
Subsequently, the portion from the HI promoter sequence present 
in LTR (repeat sequence) at 3 1 terminus of the recombinant 
retrovirus to this terminator sequence is transcribed by RNA 
polymerase 3 to express the objective mRNA. The last " GTCGAC 11 
sequence is also cleaved by the restriction enzyme (Sail in 
this design) when introduced into the plasmid vector. 
Subsequently, when the double strand RNA is formed, the sense 
chain and the antisense chain are complementarily bound to form 
the double strand, and the linker sequence curves in a hairpin 
shape to allow the sense chain and the antisense chain to be 
bound, As in the above, the sequence of SEQ ID Ho. S was d^sigied 
and the DNA (oligonucleotide) having the sequence of SEQ ID 
No. 5 was synthesized. 

[0061] Subsequently, in this experiment, the synthesized 
DNA was incorporated into the plasmid vector using the 
restriction enzymes and the ligation method. The plasmid 
vector was uniquely made by the present inventors, and the 
sequence encoding the recombinant retrovirus was incorporated 
therein in advance. The sequence encoding the recombinant 
retrovirus is identical to the cDNA sequence reversely 



25 



transcribed from the retrovirus, but the genes required for 
the process from the viral infection to the incorporation into 
the DNA of the host cells are left, and the sequences involved 
in the expression of viral genome and viral proteins are 
eliminated . An expression unit of a drug (puromycin) resistant 
gene had been inserted in the sequence encoding this recombinant 
retrovirus, which was designed to select only cells infected 
with the virus by treating with puromycin. And in the sequence 
encoding this recombinant re trovirus, there are the Hi promoter 
sequence and the subsequent sequence cleaved with two 
restriction enzymes (Bgll and Sail in this design) in the 3 1 
LTR sequence. Cleaved ends of the restriction enzyme Bgl2 are 
identical to those of Bgll. 

[0062] When the synthesized DNA was incorporated into 
the plasmid vector, the cleaved sites of synthesized DNA and 
cloning sites of the plasmid were cleaved with two restriction 
enzymes at two sites, respectively, and then the synthesized 
DNA and the plasmid vector were ligated using a ligation kit. 
In this experiment, the synthesized DNA was cleaved with BamHl 
and Sail, and the plasmid was cleaved with Bgl2 and Sail. The 
cleaved ends of BamHl and Bgl2 are identical. Thus, the 
synthesized DNA was incorporated into the plasmid by ligating 
the site of the synthesized DNA cleaved with BamHl to the site 
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of plasmid cleaved with Bgl2 and ligating the site of the 
synthesized DNA cleaved with sail to the site of the plasmid 
cleaved with Sail. And, the plasmid vector in which the 
synthesized DNA had been incorporated was subcloned using 
competent cells, and subsequently the cloned recombinant 
plasmid vector was purified. 

[0063] Subsequently, the recombinant retrovirus was 
produced by transf ecting cultured cells with the recombinant 
plasmid vector purified by the above procedures. Here, the 
recombinant plasmid vector contains the sequence encoding the 
recombinant retrovirus, but the recombinant retrovirus is not 
produced because all genes required for completing the 
retrovirus and releasing it out of the cell * have been previously 
eliminated from thi a sequence < Thus , when transf ec ted, another 
plasmid in which the genes encoding the proteins required for 
completing the retrovirus had been incorporated in advance was 
simultaneously transf ected to complete the retrovirus in the 
lull oe ill and reieaae It out of the ceil a * The recombinant 
retrovirus released out of the cells, in which the synthesized 
DNA had been incorporated, was collected. 

[0064] And, the cultured murine cells were infected with 
the recombinant retrovirus. For this recombinant virus, cDNA 
is synthesized after the infection by being reversely 
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transcribed , and the cDMA is incorporated into the DMA sequences 
of the host cells, but the retrovirus is not expressed because 
the sequence required for expressing the retrovirus has been 
eliminated in advance. And, in the sequence incorporated in 
the host cells, the portion from the HI promoter sequence to 
the transcription termination sequence is transcribed by the 
action of RNA polymerase 3 present in the host cells. By the 
above procedures, the cultured murine cell in which the 
synthesized RNA was stably expressed was made. This 
synthesized RNA undergoes modifications such as removal of the 
linker sequence in the host cells to become the double strand 
iil: whiciv causes the SUA interference * Bv the presence of this 
double strand RNA in the cultured murine cell, corresponding 
mRNA is specifically decomposed to inhibit the expression of 
the corresponding protein. 

[0065] It was determined by a Northern blotting method 
for mRNA encoding AWP1 whether the RNA interference had been 
caused by the double strand RNA. RNA was extracted from the 
cultured murine cells infected with 

and the expression amount of mRNA encoding AWP1 was examined. 
As a result, it was found that the expression of AWP1 was 
inhibited. 

[0066] From the above result, it has been found that the 
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expression of AWP1 can be inhibited by practically applying 
the RNA interference. By inhibiting the expression of AWP1, 
the interaction between AWP1 and the proteasome or the 
interaction between AWP1 and the polyubiquitin chain is also 
inhibited. By inhibiting these interactions, the 

decomposition of the muscle- composing protein by the proteasome 
does not occur even in the case of the disuse muscular atrophy, 
etc. , which occurs in the state such as prolonged bed rest such 
as being bedridden, neuroparalysis, prolonged fixation of four 
limbs and prolonged stay in a space environment, where weight 
load to muscle is remarkably reduced because signals are not 
transmitted to the proteasome. Therefore, the double strand 
RNA which practically applies the RNA interference is effective 
as the therapeutic agent for the disuse muscular atrophy. 

[0067] This Example is only one of the Examples which 
indicate that the double strand RNA which practically applies 
the RNA interference is effective as the therapeutic agent for 
the disuse muscular atrophy, and the present invention is not 
limited narrowly to this Example. In particular, the method 
and the means of the experiment and the selection of the sequence 
of the double strand RNA used for the RNA interference are not 
narrowly limited. 
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ABSTRACT 

[Problem] — Providing a novel interaction between protcino. 

[Solution Mcano] It hao been found that there ia an interaction 

between protcino between protcaoomc and ZNF216 (or AWP1) . it 

hao aloo been found that there ia an interaction between protcino 

between a polyubiquitin chain and ZNF21 6 — (or AWP1) . By^- 

utilizing thia novel interaction between the protcino, — a— 
therapeutic agent for diouoc muocular atrophy, — and a method 
for ocrccning the therapeutic agento for diouoo muacular atrophy , 
a marker for diocaoe diagnaoio, — a method for evaluating the 
riak of onoot of the diouoc muacular atrophy, etc., are provided. 

A method for screening therapeutic agents for disuse muscular 
atrophy is provided that includes the steps of interacting a 
selected protein with a polyubiquitin chain in the presence 
of a candidate therapeutic agent, and determining the effect 
of the candidate on the binding strength between the protein 
and the polyubiquitin chain . The effect may be observed by color 
development on a substrate when the steps are carried out by 
way of an enzyme- linked immunosorbent assay, or by direct 
observation via NMR spectroscopy, X-ray crystal analysis, 
electron microscopy or surface plasmon resonance. 
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